Summary of Recommendations and Suggestions
1. In adult patients with chronic cough, we suggest that the cough be managed according to a published management guideline that initially considers the most common potential etiologies as well as symptomatic gastroesophageal reflux (ungraded, consensus based).
Remarks: Common potential etiologies include environmental or occupational irritants, primary or secondary smoking, use of angiotensin-convertingenzyme (ACE) inhibitors, abnormal chest radiographic findings, asthma, upper airway cough syndrome due to a variety of rhinosinus conditions, nonasthmatic eosinophilic bronchitis, and suppurative lung disease. Often, more than one etiology is a contributing factor.
2. In adult patients with chronic cough suspected to be due to reflux-cough syndrome, we recommend that treatment include (1) diet modification to promote weight loss in overweight or obese patients; (2) head of bed elevation and avoiding meals within 3 hours of bedtime; and (3) in patients who report heartburn and regurgitation, proton pump inhibitors (PPIs), H 2 -receptor antagonists, alginate, or antacid therapy sufficient to control these symptoms (Grade 1C).
Remarks: (1) While it is expected that GI symptoms will respond within 4-8 weeks, the literature suggests that improvement in cough may take up to 3 months. 1 
b)
Head of bed elevation is suggested based on its utility for improving GI GERD symptoms 2 while acknowledging that it has not been demonstrated to be beneficial for cough.
3. In adult patients with suspected chronic cough due to reflux-cough syndrome, but without heartburn or regurgitation, we recommend against using PPI therapy alone because it is unlikely to be effective in resolving the cough (Grade 1C).
4. In adult patients with chronic cough potentially due to reflux-cough syndrome who are refractory to a 3-month trial of medical antireflux therapy and are being evaluated for surgical management (antireflux or bariatric), or in whom there is strong clinical suspicion warranting diagnostic testing for gastroesophageal reflux, we suggest that they undergo esophageal manometry and pH-metry with conventional methodology (Grade 2C).
Remarks: Esophageal manometry is done both to evaluate for a major motility disorder and to accurately position the pH electrode for the pH monitoring study. With conventional methodology, the pH electrode is placed 5 cm proximal to the lower esophageal sphincter, and the study is done off antisecretory medications after withholding PPI therapy for 7 days and H 2 receptor antagonists for 3 days prior to the study. It was agreed by consensus of the Esophageal Diagnostic Advisory Panel composed of both gastroenterologists and surgeons 3 that this is the only methodology with proven validity with respect to surgical outcomes.
5. In adult patients with chronic cough and a major motility disorder (eg, absent peristalsis, achalasia, distal esophageal spasm, hypercontractility) and/or normal acid exposure time in the distal esophagus, we suggest not advising antireflux surgery (Grade 2C).
Remarks: Under the circumstances of a major motility disorder or normal esophageal acid exposure on esophageal pH-metry, there is no supportive controlled data for antireflux surgery and there is quantifiable risk to the procedure making for an unacceptable risk-benefit ratio. 3, 4 6. In adult patients with chronic cough, adequate peristalsis, and abnormal esophageal acid exposure determined by pH-metry in whom medical therapy has failed we suggest antireflux (or bariatric when appropriate) surgery for presumed reflux-cough syndrome (Grade 2C).
Remarks: With respect to defining adequate peristalsis, there is no consensus. Some consider any preserved peristalsis to be adequate while others stipulate that it must be at least 30% and others at least 50% of normal. 5 The Montreal consensus defined gastroesophageal reflux disease (GERD) as "a condition which develops when the reflux of stomach content causes troublesome symptoms and/or complications." 6 Hence, a GERD diagnosis can be based on either tissue damage (esophagitis, stricture, Barrett's esophagus, esophageal adenocarcinoma) or "troublesome" symptoms attributable to reflux. Furthermore, the defining symptoms can be esophageal (heartburn, regurgitation, chest pain) or extraesophageal. However, no symptom, not even the most typical one (heartburn) is 100% specific for GERD, and as the specificity of a potential GERD-defining symptom decreases, the challenge of establishing a GERD diagnosis increases.
Nowhere is this dilemma more apparent than in the case of reflux-cough syndrome. Compounding the problem, the efficacy of PPI therapy for resolving GERD symptoms is substantially less than it is for healing esophagitis and, within the domain of potential symptoms, much less for atypical symptoms than it is for heartburn. 7 Cough is a potential symptom of gastroesophageal reflux (GER), usually listed among the inventory of extraesophageal symptoms in GERD questionnaires. For example, in a population-based study, Locke et al 8 used a validated GER questionnaire to survey 2,200 residents of Olmsted County, Minnesota and found a prevalence rate of 18% for frequent heartburn, defined as occurring at least weekly. Among these individuals, 14% also endorsed "bronchitis" defined by cough as often as four to six times a day on 4 or more days of the week. Similarly, from the perspective of a primary care population, El-Serag et al 9 accessed data from the UK general practice research database and found that patients with a new diagnosis of GERD had an increased likelihood (OR, 1.7; CI, 1.4-2.1) of subsequently being diagnosed with cough in the next 12 months. Examined from the opposite perspective, a cross-sectional survey of 4,003 residents of West Yorkshire, England aged 40 to 49 years found that 12% reported chronic cough and that regurgitation was a strong predictor of cough (OR, 1.71; 99% CI, 1.20-2.45). 10 Other studies of patients with chronic cough conclude that reflux is a contributing factor in 0% to 41% of cases referred to specialty cough clinics, depending on the definitional criteria applied and populations studied. 11 Notably, from this perspective, GERD is thought to be "silent" from a GI perspective in up to 75% of cases, 12 raising the possibility that nonacidic reflux is a potential cause of cough.
The relationship between reflux and cough is supported by several physiological observations. In patients with chronic cough, acid infusion into the distal esophagus increases the frequency of coughing 13 and cough reflex sensitivity. 14 During carefully conducted reflux monitoring studies, approximately half of unselected patients with chronic cough exhibit a positive symptom association between cough and acid or weakly acidic reflux events. 15 However, the relationship between reflux and cough is particularly complex because other disease processes, issues of cause and effect, and hypersensitivity of both the esophagus and the cough reflex itself all come into play. 11 Given the implicit variation in approaches used to identify patients with putative reflux-related cough, it is understandable that a recent Cochrane review found insufficient evidence to conclude that PPI treatment is beneficial in treating nonspecific chronic cough. 16, 17 Adding to the complexities of establishing the relationship between GERD and chronic cough is that a major defining criterion has been resolution or (Table 1) . 18 Based on post hoc analyses of four before-and-after intervention studies along with two small prospective before-and-after intervention studies, the clinical profile in Table 1 was estimated to be 91% predictive that a patient's cough would respond to antireflux treatment, even when there were no GI symptoms. 18 As is evident from the preceding discussion, the literature on reflux-cough syndrome can be characterized as having a major internal contradiction. On the one hand, there is strong evidence of biological plausibility that a reflux-cough syndrome exists and that there is therapeutic efficacy for reflux disease interventions when judged retrospectively. On the other hand, there is a general paucity of controlled data in this domain such that attempts by Chang et al 16, 17 to establish the efficacy of medical antireflux therapy for suspected reflux-induced cough concluded that there was no efficacy. Kahrilas et al 11 looked at the therapeutic trial data a little differently, attempting to identify subgroups of patients with objective evidence of reflux (endoscopy or reflux monitoring) and concluded that there was some indication (albeit not robust) of therapeutic efficacy. It is from this background that the Expert Cough Panel endeavored to update the CHEST evidence-based clinical practice guidelines for chronic cough due to reflux in adults.
Methods
We used the published methodology of the American College of Chest Physicians (CHEST) Guideline Oversight Committee to select the Expert Cough Panel Chair and the International Panel of Experts to perform a systematic review and synthesis of evidence and to develop recommendations and practice management suggestions. 19 After generating the key clinical questions for this systematic review, population, intervention, comparison, outcome (PICO) elements were derived to inform the literature review. The questions were formulated after polling the existing writing group for key clinical questions related to chronic cough due to GERD. This returned a list of 20 questions that were then synthesized into two PICO questions that were sufficiently broad to capture most of the detail from those 20 questions. The resultant PICO questions that formed the basis of the subsequent systematic review are stated in Table 2 .
Literature Search
The methods used for this systematic review conformed to those outlined in the article "Methodologies for the Development of CHEST Guidelines and Expert Panel Reports."
19 Systematic reviews and clinical trials were identified from searches of electronic databases (Ovid Medline, and EMBASE) commencing from the earliest available date until May 2015. A search of the Cochrane database returned 82 articles, eight of which were sufficiently relevant for full text review; however, none met criteria for inclusion in this review. The reference lists of retrieved articles were examined for additional citations. The search terms used were ("Gastroesophageal Reflux" [ 
Quality Assessment
Included articles underwent methodological assessment. For the randomized controlled trials (RCTs), quality assessment was carried out with the Cochrane Risk of Bias Tool 20 if the following criteria were met: (1) study excluded other common causes of chronic cough (asthma, upper airway cough syndrome [UACS]) by adequate workup and (2) included patients both with and without additional symptoms of GERD or laryngopharyngeal reflux (LPR), or both, or included patients with and without additional test results suggestive of GERD or LPR, or both. For observational studies, quality assessment was done with the Cochrane Risk of Bias Tool for cohort studies. 21 
Practice Recommendations/Suggestions
The findings of this systematic review were used to support the evidence-graded recommendations or suggestions. A structured consensus-based Delphi approach was used to provide expert advice on guidance statements. In this regard, for a recommendation or suggestion to be approved by the Expert Cough Panel, 75% of the eligible panel members had to vote, and 80% of those voting had to strongly agree or agree with the statement. 19 Quality assessment also included grading the strength of recommendations based on consideration of the balance of benefits to harms, patient values and preferences, and the quality of the evidence supporting the recommendation. 19 Harms incorporated risks and burdens to the patients that can include convenience or lack of convenience, difficulty of administration, and invasiveness.
Results
This systematic review addressed two PICO questions. The results of the literature search for the first question appear in Figure 1 . The search initially identified 1,870 citations. After the removal of 354 duplicates, 1,516 records were screened, with 541 being excluded on the basis of irrelevant titles and 119 on the basis of being relevant to pediatrics. Hence, 842 abstracts were reviewed. Among these, 14 were controlled medical trials potentially pertinent to PICO question #1. The results of the search for the second question appear in Figure 2 . Initial searching identified 1,877 records. After the removal of 354 duplicates, 1,523 records were screened, with 541 being excluded on the basis of irrelevant titles and 119 on the basis of being relevant to pediatrics. Hence, 849 abstracts were reviewed. Among these, 14 full-text articles were assessed for eligibility and deemed pertinent for qualitative synthesis for inclusion. The additional seven studies for PICO question 2 were identified in the recent publication on intervention fidelity.
22
PICO Question 1: Can therapy intended to treat gastroesophageal reflux improve or eliminate cough in adults with chronic and persistently troublesome cough?
As is evident from Figure 1 , we identified relatively few RCTs addressing the treatment of chronic cough with antireflux therapy. Most of the treatment literature was in the form of uncontrolled trials, retrospective studies, or nonrandomized controlled trials that did not use validated assessment tools of cough as outcome measures. Table 3 summarizes the inclusion criteria, treatment arms, and methods of cough assessment of the identified RCTs. [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] None of these were surgical trials.
Particularly problematic when comparing these trials was the variability in how typical features of reflux disease (heartburn, regurgitation) or objective measures of reflux disease (endoscopy, reflux testing) were used as inclusion or exclusion criteria. In some studies (#7, #11, #12, #13, and #14), this was not specified as either a study inclusion or exclusion criterion; in some studies (#1, #3, #4, #5, #8, and #10), typical reflux symptoms were a required inclusion criterion, and in other studies (#2, #6, and #9), typical reflux symptoms were an exclusion criterion. With respect to the treatment arms, they were all placebo controlled with respect to the primary intervention (PPIs in 11 of 14 cases), but most of the trials made no mention of concomitant dietary modifications (#1, #2, #3, #5, #6, #8, #9, #10, #11, and #13), lifestyle modifications (#1, #2, #3, #5, #6, #8, #9, #10, #11, and #13), or use of prokinetic drugs (#1, #2, #3, #8, #9, #10, #11, and #13). At the other extreme, these reflux-directed therapies were either among the interventions under study (#7, #12, and #14) or prohibited (#4).
The reported results of the RCTs enumerated in Table 3 are summarized in Table 4 . Notably, it is difficult to make comparisons among these trials because no two are the same, or even very similar. However, some observations can be made regarding the study outcomes:
(1) there was a strong placebo effect for cough improvement; (2) studies including lifestyle modification and weight loss (albeit mainly uncontrolled) had better cough outcomes (#7, #12, and #14); (3) studies that used a carryover design consistently demonstrated a carryover effect when PPIs were the initial treatment; and (4) only one study (#13) showed a significant benefit in cough outcome when comparing PPI to placebo and that was an LPR study using nonstandard definitions of chronic cough and cough severity. Hence, we conclude that although lifestyle modifications and diet may be beneficial in controlling suspected reflux-cough syndrome, PPIs did not augment this, and PPIs demonstrated no benefit when used in isolation.
As is evident from the inclusion criteria detailed in Table 3 , most of these RCTs focused on patient populations other than "adult patients with more than an 8-week history of refractory chronic cough" intended in PICO question #1; most commonly, these were LPR studies. This attribute severely limited the external validity of the findings when applied to the adult patient population with chronic cough. Table 5 summarizes our analysis of external validity considerations, internal validity considerations, and risk of bias for the studies described in Table 3 . Note that the limitations of external and internal validity are such that we could assess the risk of bias in only three of the studies (#6, #11, and #12), and one of these (#12) was an abstract reporting on only 19 patients allocated to four treatment groups, making it severely underpowered. Study #6 reported a negative result for PPI treatment rendered without associated dietary and lifestyle modifications in a "silent reflux population" (the study excluded patients reporting heartburn > 2 times per month). Hence, we concluded that the study had a high risk of bias in patients with frequent heartburn but a low risk of bias in those with infrequent heartburn, regardless of their pH-metry findings. Study #11 reported a strong placebo effect but no treatment benefit in a PPI trial selecting patients with a "reflux-related cough" defined by symptoms including cough on phonation or on bending in association with food and eating with or without heartburn. Those criteria have not been validated, giving this an uncertain risk of bias. Although heavy voice use has been implicated as a cough-provoking irritant, phonation stimulates upper esophageal sphincter contraction, arguing against reflux being the operant mechanism for that. 37 Hence, overall we found no studies (positive or negative) pertinent to PICO question #1 with a low risk of bias. Among the 14 studies identified that potentially addressed the question of clinically profiling patients with likely reflux-cough syndrome, [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] none fulfilled all PICO criteria in that none of the trials were controlled. Rather, they all reported on the success of an uncontrolled diagnostic/therapeutic algorithm for patients with chronic cough. Consequently, all of them had a high risk of bias and could not be used to make practice recommendations. Additionally, it should be noted that only low-quality evidence supports that effective intervention fidelity strategies were used in conducting these trials (ie, very few studies documented that the intended guidelines or protocols were actually carried out) offering yet another potential explanation for the observed variability in outcomes. 22 Nonetheless, Table 6 summarizes the findings and key messages put forth in these studies. [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] As is evident in Table 1 , the diagnostic approach varied widely from no evaluation beyond a chest radiograph and pulmonary function testing to a comprehensive evaluation involving barium swallow, manometry, endoscopy and pH-metry. Despite these limitations, some observations can be made regarding the study outcomes: (1) an algorithmic approach to patient management resolved the cause of chronic cough in 82% to 100% of instances among studies; (2) regardless of approach or extent of evaluation, cough variant asthma and UACS due to a variety of rhinosinus conditions were consistently among the most common causes of chronic cough; and (3) the reported prevalence of GERD as a cause or contributing factor to chronic cough varied widely from 2% to 86%. Hence, although the message is clear with respect to UACS and cough variant asthma, it is rather murky with respect to GERD.
No matter how slightly, all the studies in Table 6 found some instances in which GERD therapy was beneficial in resolving adult chronic cough cases. The problem is that there was no diagnostic approach better than the systematic elimination of alternative diagnostic possibilities that consistently isolated this population; neither typical reflux symptoms nor reflux testing had good positive predictive value. There were no controlled data relevant to the use of impedance testing to detect weakly acidic reflux, leaving this as a fundamental journal.publications.chestnet.org knowledge gap. Hence, the series advocating no diagnostic testing for GERD 48 reported cough resolution in 88% of the 102 patients managed, a value comparable to that in studies using extensive testing. More impressive was the negative predictive value of pHmetry; both studies that analyzed this 39, 41 concluded that normal pH-metry had 100% negative predictive value for a therapeutic response of cough to antireflux therapy. This message was particularly relevant when contemplating antireflux surgery as an intervention, as is evident from the report of Klochan et al. 49 Selecting 18 patients for antireflux surgery on the basis of their being medically refractory but with positive pH-metry results irrespective of typical reflux symptoms, they reported resolution in 33%, improvement in 39%, and no change in 28%. Having said that, it should also be pointed out that there is little consistency among studies in either the methodology or the interpretation of pH-metry studies.
Practice Recommendations/Suggestions
As delineated earlier, the findings of this systematic review were most informative with respect to the limitations of the available data pertinent to addressing PICO questions 1 and 2 on the identification and management of patients with suspected reflux-cough syndrome. The evidence described was of low quality and in most instances only tangentially related to the PICO questions. However, simply pointing out the limitations of the evidence base is not much use to the clinician in guiding patient management. Hence, we used the available evidence and a structured consensus-based Delphi approach to formulate the following evidence-graded practice recommendations and suggestions:
Remarks: Common potential etiologies include environmental or occupational irritants, primary or secondary smoking, use of ACE inhibitors, abnormal 2. In adult patients with chronic cough suspected to be due to reflux-cough syndrome, we recommend that treatment include (1) diet modification to promote weight loss in overweight or obese patients; (2) head of bed elevation and avoiding meals within 3 hours of bedtime; and (3) in patients who report heartburn and regurgitation, PPIs, H 2 -receptor antagonists, alginate, or antacid therapy sufficient to control these symptoms (Grade 1C).
Remarks: (1) While it is expected that GI symptoms will respond within 4-8 weeks, the literature suggests that improvement in cough may take up to 3 months. 1 (2) Head of bed elevation is suggested based on its utility for improving GI GERD symptoms 2 while acknowledging that it has not been demonstrated to be beneficial for cough.
Remarks: Esophageal manometry is done both to evaluate for a major motility disorder and to accurately position the pH electrode for the pH monitoring study.
With conventional methodology, the pH electrode is placed 5 cm proximal to the lower esophageal sphincter, and the study is done off antisecretory medications after withholding PPI therapy for 7 days and H 2 -receptor See Table 1 and Table 3 legends for expansion of abbreviations.
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/2001
Study validity considerations: Not generalizable to a chronic cough population. Results potentially applicable to a symptomatically defined LPR population. Other extrapolation limitations: Patients were not allowed to make (unspecified) behavioral changes that could affect results; this suggests that they could continue to smoke. Risk of bias assessment: Not undertaken as did not fulfill criteria. are applicable to a "silent reflux population" (no heartburn, but pH-metry-defined reflux) with chronic cough. Risk of bias assessment: High risk of bias for patients with frequent heartburn; low risk of bias for those with infrequent heartburn. Overall risk of bias is uncertain.
Steward et al

/2004
Study validity considerations: Patients specifically not instructed on when to take the study medications. Other extrapolation considerations: Not generalizable to a chronic cough population.
Results potentially applicable to a laryngoscopically and symptomatically defined LPR population. Risk of bias assessment: Not undertaken as did not fulfill criteria. Study validity considerations: Carryover effect of active drug secondary to crossover design. Very underpowered. Not generalizable to a chronic cough population. Results potentially applicable to a laryngoscopically, symptomatically, and pH-metry-defined LPR population.
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antagonists for 3 days prior to the study. It was agreed by consensus of the Esophageal Diagnostic Advisory Panel composed of both gastroenterologists and surgeons 3 that this is the only methodology with proven validity with respect to surgical outcomes.
Remarks: Under the circumstances of a major motility disorder or normal esophageal acid exposure on esophageal pH-metry, there is no supportive controlled data for antireflux surgery and there is quantifiable risk to the procedure, making for an unacceptable riskbenefit ratio.
3,4
6. In adult patients with chronic cough, adequate peristalsis, and abnormal esophageal acid exposure determined by pH-metry in whom medical therapy has failed, we suggest antireflux (or bariatric when appropriate) surgery for presumed reflux-cough syndrome (Grade 2C).
Remarks: With respect to defining adequate peristalsis, there is no consensus. Some consider any preserved peristalsis to be adequate while others stipulate that it must be at least 30% and others at least 50% of normal. 5 Future Studies to Narrow the Gaps in Knowledge
As is evident from this review, the relationship between reflux and chronic cough is complex with numerous variables at play. Clinical strategies for diagnosis and management remain controversial, and despite the considerable quantity of research reviewed herein, several fundamental questions that are potentially amenable to further studies remain unanswered. From a diagnostic viewpoint:
1. Are there specific findings related to acid or weakly acidic reflux from pH or pH-impedance studies that either implicate or vindicate reflux as a cause of chronic cough? (2) included patients with and those without additional symptoms of GERD or LPR (or both) or included patients with and those without additional test results suggestive of GERD or LPR (or both). Overall, we found no published studies (positive or negative) pertinent to question #1 with a low risk of bias. From the RCTs available, we concluded that (1) there was a strong placebo effect for cough improvement; (2) studies including diet modification and weight loss had better cough outcomes; (3) because of a potential carryover effect of PPIs, a crossover study design should be avoided when using these medications (unless data become available establishing the duration of a sufficient washout period); and (4) although lifestyle modifications and diet may be beneficial in controlling suspected reflux-cough syndrome, PPIs did not augment this, and PPIs demonstrated no benefit when used in isolation. For question #2, there were no relevant RCTs to review, so our suggestions were based on observational studies only. We again found no highquality evidence but concluded that (1) an algorithmic approach to patient management was associated with resolution of the cause of chronic cough in 82% to 100% of instances; (2) regardless of approach or extent of evaluation, cough variant asthma and UACS were consistently among the most common causes of chronic cough; and (3) the reported prevalence of GERD as an associated cause or contributing factor to chronic cough varied widely from 2.0% to 86% among studies.
We concluded that the literature addressing these PICO questions was of low quality. However, the panelists agreed on suggestions to (1) endorse a diagnostic/ therapeutic algorithm sequentially addressing causes of common cough including symptomatic reflux and (2) advise that patients refractory to the diagnostic therapeutic algorithm may still benefit from therapy for potential reflux-cough syndrome that includes weight reduction when appropriate and lifestyle modifications. Also, for patients with potential reflux-cough syndrome who are refractory to lifestyle modifications AE acid suppressive therapy, a suggestion was made to evaluate them with esophageal manometry and pH-metry and to exclude an esophageal motility disorder and confirm a diagnosis of GERD for patients in whom there is strong clinical suspicion that warrants diagnostic testing or before these patients are considered for antireflux surgery.
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